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1 Introduction

To simulateresonance-mediatedreactions,Monte-Carloprogramsuseearly the-
oreticalpredictionsby Rein & Sehgal[1] or resultsfrom electro-productionex-
periments,sinceexisting dataon neutrino-inducedresonanceproductionis inad-
equate.The theoreticalandexperimentalpictureof the resonanceandtransition
regionsis farmoreobscurethanthequasi-elasticandDIS regionswhichborderit.
Sincetheeventsamplesof presentandproposedneutrinooscillationexperiments
fall insidethis poorly-understoodregime, resonantpion productionis an impor-
tantsourceof backgroundandsystematicuncertainty. This kinematicregion will
becarefullyexaminedby MINER � A.

Analysisof resonanceproductionin MINER � A[2] will focuson several ex-
perimentalchannels,includinginclusivescatteringin theresonanceregion ( � ��
	���


) and exclusive charged and neutralpion production. To date,analysis
efforts have focusedon MINER � A’s performancefor inclusive resonancepro-
duction,particularlynearthe ����� ������� resonance.This analysisindicatesthatthe
resolutionon � is about100MeV in theregion of the � , andthe ��� resolution
is betterthan20%.Despitethis resolutionsmearing,anddistortionintroducedby
Fermi motion of boundnucleonsin carbon,the � peakis still clearly visible in
thereconstructed� distribution.�
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2 Analysis of Existing Data

Inclusive electronandneutrinoscatteringwith � � ��	���

exhibits theproduc-

tion of resonances.Analysisso far hasintroducedmany form factorswhich are
theneliminatedby severalassumptions.Theprominentresonancesare  "!#!$�%� �&���'� ,(")#) ���+* � * � ,  )#) ���-,',�. � and / ) !$���+* � . � . The  "!#!+�%� �����'� hasthelargestcontribution
andshouldbeunderstood.In electroproductionthereis a dominantcontribution
from the magneticdipole term. It givesan emphasisto oneof the vector form
factors, 021! , with a �2�-3 dependencesteeperthan the dipole. The contribution
of the dominantform factor 0245 is determinedby PCAC andalsohasa steeper
���-3 dependencethan the phenomenologicaldipole form. It is worth pursuing
thisprogramto seeif thesetwo form factorsaresufficient. Theconviction is now
that form factorssteeperthanthe dipole reflect the larger sizeof the resonance
stateswhicharedueto themesoniccloudsurroundingthem.Thereis asimplified
modelthathasbeendevelopedby Paschos,SakudaandYu[3], whichaccountsfor
existing data. The experimentalresultscurrentlyavailablehave large errorsand
thereareinconsistenciesmentionedbelow.

Oneof the inconsistenciesconcernsthe ���63 dependence.Two older exper-
imentsat ANL[4] andBNL[5] have noticeda differencebetweenthe dataand
theoreticalpredictionsin the region of small � � ( � � �7.98 �':;	���
 � ). It appears
that the sameproblemis revealedin newer experimentssuchasK2K[7] in the
sameregion of ��� . TheBNL experimentcanbefitted with theform factorsused
in [3] exceptfor ���
�<.98 ��=2>+? � wherethe datafalls fasterthanthe theoretical
curve (seeFig.1).
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Figure1: ThecrosssectionA�BDC&AFE�G from BNL comparedwith fits from PSY[3].
The full lines are for the case HJILKNM9OQP6MFRTSVU�W , the dashedlines are for the
approximationHJIXKYM .

The muonmass,which influencesthe resultsin this region of E G , wasne-
glectedin previouscalculations.The effect of themuonmasscanbe seenfrom
theFig.1: it reducesthecrosssectionat small E G in accordancewith theexper-
imentaltrends.Summarizingour results,we cometo thefollowing conclusions.
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Theolderexperimentsat BNL andANL on ZF[ : ZF� � show a decreaseat low � �
which is not understood.In addition,the dependenceof the form factorson � �
is steeperwith theANL data. Thus,new experimentsareneededto resolve this
discrepancy andto determinethetheoreticalparameters.

Theunderstandingof resonanceproductionis alsoimportantfor understand-
ing thequasi-elasticprocess.Thepionfrom aresonantscatteringcanbeabsorbed
in thenucleus,resultingin anexperimentalsignalthatis asignificantbackground
to quasi-elasticscattering.

Otherissuesremainto beinvestigatedin resonanceproduction.In the �\3 region
thereis an isospin-1/2amplitudeobserved in electroproduction.As the higher
resonancescannot contributemuchstrengthin theregion of �\3 dominance,this
amplitudeis a non-resonantbackground.The importanceof this backgroundin-
creaseswith � � to becomethedominanttermin deepinelasticscattering.

Nuclearcorrectionsplay a role in the absorptionof pionsandin charge ex-
changeeffects. The absorptionis includedasan overall factorand the charge-
exchangechangesthechargeof theparticle. A “rule of thumb” is thefollowing.
In a lepton-nucleusreactionon a light nucleussuchas

)^]�_
, thepionswhich have

thesamechargeastheexchangedcurrentarereducedby
� .`3a,�.�b , andfor pions

of differentcharge thereis a slight increase.For instance,in theneutrinocharge
currentreactionsthe cDd is reduced.Half of thisreductionis dueto absorptionand
theremaindercomesfrom changeexchangeof c d into cfe and chg .

MINER � A canimprove thesituationwith precisemeasurementsof Z�[ : ZF�2� ,
Z�[ : Zi� andintegratedcrosssectionsto furtherrestricttheform factors.

3 Performance of MINER j A

Analysis of resonanceproductionin MINER � A will focus on several experi-
mentalchannelsincluding inclusive scattering, �k�mlon g � in the resonanceregion
( � � �p	���


), neutralpion production, �k�mlon g c e � and charged pion produc-
tion, �k�mlqn"grcDs � . This updateis focusedon understandingthe performanceof
MINER � A for inclusiveresonanceproduction,particularlynearthe ����� ������� res-
onance.

Unlike inclusivechargedleptonscattering(i.e. � > l >utv� ), measurementsof neu-
trino inclusivescatteringwith wide-bandneutrinobeamscannotbemadeby mea-
suringonly the outgoingleptonkinematics.To reconstructthe kinematicsof an
event ( � � , � and w ), theneutrinoenergy mustbecalculated.The is is doneby
estimatingthehadronenergy andaddingit to themuchmorepreciselyknown x`y .

x{z canbeestimatedby trackingandidentifyingeveryparticleemerging from
the scatteringvertex, or by summingup the ZFx : Z�| energy depositedin the de-
tector by all the reactionproducts(other than the muon). Trackingwill be an
importanttechniquefor analysisof resonanceproduction,asvertex eventmulti-
plicitieswill below (typically n~}\c�}�� ). However, calorimetricmeasurementof
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Figure2: The left graphshows on the vertical axis the the hadronicenergy x{z
reconstructedfrom scintillatoroutputin MINER � A vs. thetrue x�z���x���3Tx`y .
Right figure shows the relative deviation of the fit, �^��x{z : x{z ��� x�z vs. the true
x{z .
x{z will beessentialfor inclusiveresonanceproductionin orderto minimizebiases
in efficiency andbecauseof thenon-negligible probabilityfor pionsto interactor
decayin thedetectorbeforestopping.For interactinganddecayingparticles,the
energy notseenby activedetectorelementsmustbeestimated.

In orderto studytheability of MINER � A to measurex{z by calorimetry, the
responseof the detectorwasstudiedusing the MINER � A simulationsoftware.
TheNUANCE neutrinoeventgeneratorwasusedto generatea sampleof events
from scatteringon carbonandhydrogenwhich werethendistributedthroughout
the inner detectorof MINER � A. From the sampleof simulatedevents,events
whereall of thehadronicfragmentswerecontainedwithin MINER � A wereused.
This tendsto biasthis analysisto eventswith lower x{z (or highmultiplicity), but
this is theregionof interestfor resonanceproduction.

In apurescintillatorcalorimeter, thetotal light outputof thedetectorshouldbe
essentiallyproportionalto x�z . (Theproportionalityis notunity asnotall energy is
reflectedin ZFx : Z'| becauseof escapingneutrinos,thebindingenergy in theinitial
andsecondaryreactionsandother nucleareffectssuchaspion absorption.) In
MINER � A, thereareregionsof thedetectorwith iron or leadsandwichedbetween
scintillators.In theseregions,notall of the Zix : Z'| energy is convertedto light, so
thelight yield in thesepartsof thedetectormustbescaledby a largerfactor.

Figure2 shows thereconstructedx�z of eventsvs thetrue x{z computedfrom
thekinematicsof theincomingandoutgoingleptons.Therelativedeviationof the
reconstructedenergy from thetrue x{z , ��x{z : x{z , multiplied by

� x{z is shown in
figure2, giving aaverageresolutionfor reconstructionof x{z of ���9�� � � � !��� � �����9���r� 8
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Figure 3: Correlationbetweentrue and reconstructed� (left) and � � (right).
Horizontalaxes:truequantity, verticalaxes:reconstructed.

This � :F� x�z resolutionhassomeenergy dependenceandis bestrepresentedby

��x�z
x{z ��,Fb�} �6��b� x{zi� 	���
�� 8

The kinematicsof the eventsarereconstructedwith the assumptionthat the
muonis reconstructedwith a resolutionof ZF :  ����'b . Figure3 shows thecor-
relationsof reconstructed� and � � with the truequantitiesusingreconstructed
x{z . Theseshow areasonablecorrelationbetweenthetrueandreconstructedkine-
matics.Theresolutionsof � and �2� obtainedfrom thefit areshown in figure4.
Theresolutionof � determinationis about100MeV in theregion of the � and
the � � resolutionis slightly lessthan .m8 � � � . Theeffectof thissmearingis shown
in figure5 wherethe � peakis still visible in the � yield spectrumwhenusing
thereconstructedkinematics.It is importantto notethatthe ����� ������� distribution
in � is alreadysomewhatsmearedby Fermi motion, asmostof the scatterings
takeplaceonboundnucleonsin carbon.

4 Conclusion

Analysismethodsarebeingdevelopedto exploit thetrackingcapabilityof MINER � A
to refine the kinematicdeterminationof low mulitplicity resonantevents. This
will permit a moreaccuratedeterminationof � in the neighborhoodof the �
resonanceand facilitate the the analysisof resonantevents. Futurestudiesof
MINER � A performancewill studythe ability of the detectorto make exclusive
channelresonancemeasurements.
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Figure4: Resolutionof � (left: unitsof GeV) and �2� (right:
	���
 � ) CC events

fully containedwithin MINER � A. � resolutionis shown both for all events(X
symbol)andeventswith � � ����� 	���
2:���� � (plussymbol).

Figure5: (Top)True � yielddistributionfor eventswith ��� lessthan ��� 	���
X:���� � .
(Bottom)Yield distributionof reconstructed� for thesame��� range.
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